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Ocean Carbon Sequestration

 First proposed by Marchetti, 1977:

— Ocean is a big place = 1.4 x 10° km>.
— Already contains 50 times atmospheric burden of CO,.

— Seawater 1s strongly buffered and 1s slightly basic so CO,
uptake 1s the “natural” reaction.

e Current situation:

— 1/3rd of anthropogenic emissions (2 Gt C equivalent to 7
Gt CO,) 1s absorbed annually.

— As atmospheric levels rise absorption will increase.

— ~ 80-90% of anthropogenic emissions will go there.
— Over 500 Gt CO, absorbed to date.
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Ocean CO, “Disposal” Today
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See: Sabine et al. (2004) in Science.

JGOFS/WOCE survey data. Pacific
meridional section.

Fossil fuel signal has penetrated to
>1000m. Surface values approach
50 umol/kg (2.2 mg/kg).
The global ocean inventory of
anthropogenic CO, from 1800
to 1999 is:

155 Gt C =568 Gt CO,.

Global surface ocean CO, disposal 1s

now about 20-25 million tons per day.



Ocean Carbon Sequestration

* Problems:
— Natural carbon sequestration processes are slow.
— If uptake faster, atmospheric CO, rise minimized.
— Internal circulation of ocean 1s slow and stratified.

— 1/2 of anthropogenic CO, uptake has remained 1n the upper
400m of the ocean.

— Sea surface pH already reduced by 0.1

* Technological fixes:

— Iron fertilization to enhance biological pump.
— Purposeful sequestration by industrial means.
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CO,, concentration (p.p.m.v.)
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In order to achieve stabilization
at 550 ppmv departures from
current trends of about 3.67
billion tons of CO, per year are
required by 2025, and about
14.7 billion tons per year by
2050.

*This may be achieved by
conservation, substitution, or
sequestration strategies.



The evolving chemistiy_of surface sea water under “Business as Usual”

. TotalCO, pH HCO; CO; H.;CO,

yr. patm  pmol kg™ umol kg pmol kg™ pmol kg™ :
2100. CO5= in
1800 280 2017 8191 1789 217 10.5 TE R e
1996 360 2067 $101 1869 184  13.5 drops by 55%
from pre-1800
2020 440 2105 3028 1928 161 16.5 values. It will be
2040 510 2131 7972 1968 144 19.1 B 1 sl
: : even these
2060 600 2158 7911 2008 128 o5 goals.
2080 700 2182 7.851 2043 113 26.2
2100 850 2212 7.775 2083 97 31.8 M OB AR



MBARI Small-scale CO, experiments

* We have been doing small-scale CO, release
experiments since 1996:
— Kinetics of CO, & CH, hydrate formation.
— Rates of liquid CO, & CO, hydrate dissolution.
— Amount and extent of pH disturbances.
— In collaboration with biologists (J. Barry and M. Tamburri),
have looked at the impact on biota.
* Problems:

— Limited control of experimental conditions.
— Observed novel but not reproducible results. y
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OACE Research Interests

« MBARI:

— Develop and deploy new technology for controlled seafloor
CO, release experiments.

— L1qu1d CO, and CO, hydrate dissolution rates.
— CO, hydration / dehydration kinetics.

* University of Bergen:
— Fluid-dynamics & chemistry of liquid CO, in deep sea.

e« NMRI:

— Develop and conduct pressure tank experiments.
— Hydrate skin strength and growth rates.
— Liquid CO, / sediment interactions. M
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Benthic Flume




Equipment elevator
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ROV Tiburon




56L CO2 Accumulator




Experiment conducted in Monterey Bay




— yellow (6.6) <> red / purple (8.0).

 Wave generation by “bottom currents.”
— Slow flow — ripples.

— Faster flow — breaking waves and droplets:
“CO, spray”
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D2476 Injection of HCI at 500m

The data are consistent with formation of an intense cloud of CO, at the

injection tip, followed by rapid mixing and hydration of the excess CO, to
form HCO;. This reaction has a volume decrease, and is accelerated by

pressure.
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D2476 Injection of COZ enriched seawater at 500m

The shape of the curve differs from acid injection and is consistent with
removal of excess HCO; . This requires a volume increase, and the reaction
at depth is slower than for acid addition — but still far faster than at 1 atm.



pH

7.624 1

[Equation]
f=y0+a*exp(-b*t)

7.622 A
[Parameters]
7.620 y0=7.613 Fig. B
a=0.012
7.618 A b= 0.026
7.616 - 748
7.614
e coEEEumn 7.46
7.612 - tte
7.610 T T .44
100 200 300 [Equation]
f=y0+a*(1-exp(-b*t))
. 742
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CO2 Hydration Rate

. -- Linear fit
N
'S“&_\ -- 2nd Order
\iéi\
L
\51;\\.
K = exp(ax® + bx + ¢) \_\\
S
x =1/ (T°K) £
a = -8.289¢+006
il
b= 4.837e¢+004
¢ = -7.226e+001
3.2 3.4 3.6
1000/ T°K

These data are for 1 atmos.
They imply a time to equilibrium
of ~32 minutes at 1.6°C, and 17
minutes at 6°C; this rxtn time is
far beyond our observations.

However the dissolution of CO,
produces a strong -4V, and
thus the effect of pressure is to
shift the equilibrium to the
hydrated state — but the rates
at pressure are unknown.



Beyond Climate Cabled Experiment Concept

Control Site
Interconnect Cabling

Remote Instrumented Sites

CO, Dispensing Ring
(modeled on FACE
experiments and
instrumented)

ain O bservatory
Cable Trunk and
Interconnect Hode

CO,; and Seawater Mizing and
Metering Hardware (includes the
control electronics and data
collection hardware)

Experiment Site 0, Canisters
(possibly piped from

surface)




FOCE Prototype
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FOCE Prototype Control GUI

B>l FOCE (beta)
IEiIe Edit Cperate Tools Browse Window Help

Free Ocean COZ2 Enrichment (FOCE) Experiment
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Example data — First FOCE Prototype
Deployment — April 2005

White/red/green are top/mid/bottom sensors. w5 &

Orange 1s the pH control set-point. \g/



* New Energy and Technology Development
Organization (JAPAN).

* US Department of Energy
(DE-FC26-00NT40929).
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